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ABSTRACT 
Tea cream (TC) is the important problem of the storage of concentrated black tea (CBT), before distribution to ready to drink 
industry. It has characteristics of colloidal and insoluble compounds, resulting many economic losses. A simple and effective 
methods are still required for CBG industry. The objectives of this research was to reduce TC occurred using several speed of 
centrifugation. CBT was centrifuged at speed 2,000, 4,000, 5,000 and 6,000 RPM for 20 minutes, and the clear fraction was stored 
at room temperature for 21 days. The untreated CBT was also performed as a control. Samples were taken to analyze caffeine (CF), 
total catechin content (TCC), gallated catechin (GaC), ungallated catechin (uGaC), theaflavin (TF), thearubigin (TR), colour, 
turbidity and %TC. It was found that tea cream formed rapidly within 1 day of storage for the control. Surprisingly, centrifugation 
can slow down the TC formation as long as 21 days. The results showed that the turbidity was increased during storage and no 
significant difference (p>0.05) with the control. As the TC formed, TPC, TF and TR decreased. Caffeine, TCC, GaC and uGaC 
significantly decreased as the amount of TC increased. The obviously decreased amount of GaC led to the assumption that it was 
the major component causing TC formation in CBT. Centrifugation was recommended for CBT industry which the minimum speed 
required for effective prevention of TC was 4,000 RPM. 
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I. INTRODUCTION 
Tea is a rich source of polyphenols that can be used 
as a supplement in several products, to increase the 
health benefits. Tea polyphenols have a high economic 
value and can be applied in several areas, such as food, 
cosmetics and pharmaceuticals. The manufacturing 
process determines the type of tea produced, in general 
three different types are commonly consumed: green 
tea (unfermented), Oolong tea (partially fermented) and 
black tea (fully fermented) [3,5]. Black tea is 
manufactured through fermentation of fresh tea leaves 
by the enzymatic polymerization of simple polyphenols 
using principally the catalyst polyphenol oxidase and 
atmospheric oxygen. 
A problem associated with RTD tea production is a 
phenomena known as ‘tea creaming’ [9,11,17]. Hot 
black tea infusions produce cloudy precipitation on 
cooling, which are known as tea cream, and contain up 
to 30% of the total solids. Tea cream contains many of 
the compounds that provide taste and color in black tea, 
and its formation therefore gives rise to a loss of both 
taste and color, as well as a cloudy appearance to the 
tea [1,10]. It is thus deleterious both for the consumer 
and for the producer, especially for producers of ready-
to-drink teas, who need to prepare tea infusions at high 
solid concentrations and for whom cloudy solutions are 
undesirable. The main constituents of black tea cream 
were thearubigins (TRs), theaflavina (TFs) and caffeine 
concluded that the formation of tea cream was 
governed by various molecular types of interactions 
including polyphenol–caffeine complexation and 
polyphenol–polyphenol interactions. Polyphenol–
caffeine complexation is influenced by a number of 
gallate and hydroxyl groups of the polyphenols 
[2,6,15].  
The factors affecting cream formation in black tea 
include the extraction temperature, the pH and the 
concentration of the infusion [20]. The extraction of 
black tea at a temperature below 35°C would produce 
an infusion incapable of creaming. When the pH of the 
solvent was maintained at 4, the maximum amount of 
black tea cream was formed. The complexation of 
polyphenols by association of their galloyl groups and 
their limited solubility is said to be a main driver in 
cream formation [7]. Although not an initiator of tea 
cream and not an essential part, caffeine binds with 
galloyl groups and tea cream moieties, increasing their 
mass and density. The presence of Ca2+ ions 
exacerbates cream formation through charge 
compensation given the negative charge carried by TFs 
in solution at the pH of infused tea [13,16]. H+ is 
thought to encourage cream formation by stimulating 
polyphenols to interact with polysaccharides and 
nucleophilic groups on proteins. 
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The solubility of tea cream constituents is enhanced 
by the absence of caffeine or gallate esters [4,8]. 
However, theaflavins and other high molecular weight 
polyphenols are preferential to caffeine in partitioning 
into the cream phase. Caffeine and theaflavin have also 
been shown to associate with themselves and each 
other which further demonstrates the complexity of tea 
cream formation [9]. Caffeine has a bitter taste whilst 
theaflavin contributes to its characteristic astringent 
taste. These associations cause a depletion of theaflavin 
and caffeine which will affect the taste of tea.  
De-creaming is an important step in the process to 
meet the cold stability requirements of RTD tea. 
Conventional decreaming employing any separation 
technique would result in loss of flavor, color, and taste 
including health enhancing polyphenols since tea 
cream composition is similar to tea [18]. Besides 
establishing clarity, storage stability, and assessing the 
tea quality parameters, efforts were made to obtain 
maximum yield of tea solids as well as greater 
polyphenols content in the clarified product in the 
centrifugation process. Centrifugation can separate the 
tea cream with normal components inside concentrated 
black tea. Therefore, the aim of this study was to assess 
the effectiveness of centrifugation to prevent tea cream 
formation in concentrated black tea and identify the 
characteristic of physical and chemical changes. 
II. MATERIALS AND METHODS 
Black tea was purchased from Raming Tea®, 
Chiang Mai Thailand in 2016. Standards and 
chemicals, including gallic acid, caffeine (CF), catechin 
(C), catechin gallate (CG), epicatechin (EC), 
epicatechin gallate (ECG), epigallocatechin (EGC), 
epigallocatechin gallate (EGCG), gallocatechin (GC), 
gallocatechin gallate (GCG), and trifluoroacetic acid 
(TFA) from Sigma Aldrich®, Canada. Acetonitrile and 
Folin-Ciocalteu’s phenol reagent from LobaChemi®, 
India. Anhydrous sodium carbonate and sodium 
hydrogen carbonate from Ajax Finechem®, New 
Zealand. Ethyl acetate and methanol were purchased 
from Fisher®, UK and RCI®, Thailand. 
2.1 Black tea extraction and concentrated 
black tea preparation 
Extracts were prepared from black tea with a water-
to-tea ratio of 20:1 for 25 min at 80°C. The extracts 
were cooled and filtered by using filter paper 
Whatman® No.4 before concentrating by rotary 
evaporator (Eyala®), at 800C. the concentrating process 
was done until the total solids of 35% was obtained.  
2.2 Effects of centrifugation 
CBT were added into closed tubes and then 
centrifuged at speeds of 2,000, 4,000, 5,000 and 6,000 
RPM for 20 minutes. After centrifugation, clear 
fraction were separated and stored for 21 days at room 
temperature (250C). The untreated CBT was done as a 
control. All samples were taken periodically to monitor 
the tea cream by analyzing physical and chemical 
parameters. All samples were performed in triplicate. 
2.3 Analysis 
2.3.1 Chemical 
2.3.1.1 Caffeine (CF) and total catechin 
content (TCC) 
CF and TCC in CBT samples were analyzed by 
High Performance Liquid Chromatography (HPLC) as 
ISO 14502-2:2005. The mobile phase consisted of 
acetonitrile and 0.05%TFA at a ratio 13:87%v/v. CBT 
was diluted, dilution factor 100, filtered through a 0.45 
µm nylon filter and then inject to HPLC. The HPLC 
conditions were as follows: injection volume, 10 µl; 
column, temperature, 350C, isocratic elution, flow rate 
1 ml-min-1; Photodiode Array detector (Waters, 
Shanghai Corporation, Shanghai, China) at 210 nm. 
2.3.1.2 Total polyphenol content (TPC) 
TPC was determined by a colorimetric assay using 
Folin Ciocalteu’s phenol reagent with gallic acid as 
standard according to a method specified by the 
International Standard (Methods: ISO 14502-1, 2005). 
The dilution of CBT (DF 2500) was used in the 
analysis. The reaction mixture was prepared by mixing 
1 ml of dilution CBT, 5 ml of 10% Folin-Ciocalteu’s 
reagent dissolved in water and 4 ml 7.5% anhydrous 
sodium carbonate. Blank was concomitantly prepared, 
containing 1 ml distilled water, 5 ml 10% Folin-
Ciocalteu’s reagent dissolved in water and 4 ml of 
7.5% of anhydrous sodium carbonate. The samples 
were there after incubated in room temperature for 60 
min. The absorbance was determined using 
spectrophotometer at 765 nm. The samples were 
prepared in triplicate for each analysis and the mean 
value of absorbance was obtained. The same procedure 
was repeated for the standard solution of gallic acid and 
the calibration line was construed. Based on the 
measured absorbance, the concentration of phenolic 
was read (mg/ml) from the calibration line; then the 
content of phenolics in sample was expressed in terms 
of gallic acid equivalent (g/100ml). 
TPC = 21=3 >	?1	>	@#	>	ABB.	>	ABBBB  
As = Absorbance (765nm) 
B = Y-intercept 
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Vs = 100ml 
DF = dilution factor 
m = Y-ax 
2.3.1.3 Theaflavin (TF) and thearubigin (TR) 
TF and TR were analyzed spectrometrically on a 
Shimadzu ® UV-2450 UV-Vis spectrophotometer. 
Each CBT sample was extracted in triplicate for the 
determination of the TF andTR fractions. The dilution 
of CBT (DF 100) was used. To determine TF and TR, 
50 mL of the cool, well-shaken and filtered standard 
tea infusion were mixed with 50 mL of ethyl acetate.  
1) Preparation of Solution A: A 4 mL portion of 
the ethyl acetate layer was taken and made up to 25 
mL with methanol. 
2) Preparation of Solution B: 25 mL of the 
remaining initial ethyl acetate layer were partitioned 
with 25 mL of 2.5% aqueous sodium hydrogen 
carbonate and the aqueous layer was discarded. A 4 ml 
portion of the washed ethyl acetate layer was made up 
to 25 ml with methanol. 
3) Preparation of Solution C: 2 mL of saturated 
oxalic acid aqueous solution and 6 ml of water were 
added to a 2 mL portion of the aqueous layer left from 
the first extraction with ethyl acetate, and diluted to 25 
ml with methanol. 
Blank preparation is using same method with before 
but without using tea extract in the mixture. Measure 
the absorbance by using UV-VIS spectrophotometer on 
380 nm for all of solutions. 
%Theaflavin = 2.25 x E1 
%Thearubigin = [DEF∗B.BI	∗J.IF KLMKK=KN ]B.EDD∗P  
E1 = Absorbance of Solution A at 380 nm after setting 
the reference point of the instrument using blank. 
AA = Absorbance of solution A at 380 nm after setting 
the reference point of the instrument using blank 
AB = Absorbance of solution B at 380 nm setting the 
reference point of the instrument using blank 
AC = Absorbance of solution C at 380 nm setting the 
reference point of the instrument using blank. 
2.3.2 Physical 
2.3.2.1 Tea cream (TC) 
TC solids (cold water insolubles) were determined 
after centrifuging at 2,000 RPM for 10 min to remove 
the cold water insolubles and determining the soluble 
solids in the supernatant.  
The difference between the estimates of soluble 
solids in the primary extract and its supernatant was 
taken to indicate the amount of ‘cream’ separated on 
cooling (Figure 1). 
2.3.2.2 Turbidity 
Analysis of turbidity was performed with turbidity 
meter. The measurement unit was expressed as 
formazin turbidity unit (FTU). The dilution of CBT 
(DF 100) was used. Each sample was measured five 
times and the average value was calculated. The 
method was based upon a comparison of the intensity 
of light scattered by the sample under defined 
conditions with the intensity of light scattered by a 
standard reference suspension. The higher the intensity 
of scattered lights, the higher the turbidity.  
2.4 Statistical analysis 
All data analysed by the variance to identify 
different among means by using SPSS program at 
p<0.05. Experimental design of this research using 
complex randomized design with ANOVA as the 
method and using descriptive test. 
III. RESULTS AND DISCUSSION 
3.1 Chemical 
3.1.1 Total Polyphenol Content, Theaflavin and 
Thearubigin 
Main characteristic of black tea was brown to dark 
colour, it was caused by chemical component as the 
results from oxidation. Polyphenol content will be 
decreased within TF and TR was formed as the results 
from oxidation [8]. In this research TPC, TF and TR 
were invetigated to see the reduced quantity during 
storage for untreated and treated sample. This was 
necessary to do, because three of that component had a 
direct impact with the characteristic of CBT. Not only 
affected to the characteristic of black tea but also that 
components contributed to TC formation occurred. 
Figure 1 showed that tea cream formed and increased 
during storage time. The control (untreated CBT: I) 
remarkably showed TC higher than (treated CBT: II, 
III, and IV). The longer storage time than higher TC 
(figure. 1A and figure 1B). The higher speed of 
centrifugation the lower TC formed (figure 1B: II, III 
and IV). 
 
 
A	
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Figure 1. TC increased during observation days: (A) 5 days, (B) and 15 
days; (I) control, (II) 4,000RPM, (III) 5,000RPM and (IV) 6,000RPM. 
 
Figure 2. The amount of TPC, TF and TR (g/100ml): during storage time: 
(A) TPC, (B) TF and (C) TR; (●) control, (■) 2,000RPM, (▲) 4,000RPM, 
(x) 5,000RPM and (o) 6,000RPM. 
Main compound which affect colour of CBT is TF 
and TR [1], originally the value of TF and TR should 
be high or not reduced significantly during storage 
time. Figure 2B showed that at 0 until 9 days of 
observation the results for TF content was significant 
higher than control and the rest of treatment (p<0.05).  
It was similar with TPC result, lower speed of 
centrifugation could increase the value of chemical 
compound but TC formation was formed faster than 
higher speed. Correlated with the response of 
treatment, control and treatment 2,000 and 4,000 RPM 
value is decrease significantly start from first day. 
Otherwise the value of response treatment 5,000 and 
6,000 RPM is decrease significantly start from the 
second day. Figure 2C showed that the last component 
which affected colour characteristic was TR. Results 
from statistic show that control and treatment 2,000 
RPM were significant different compared with 4,000; 
5,000 and 6,000 RPM (p<0.05). The value was higher 
when it compared each other. The content of TR in 
untreated CBT was significantly reduced start from the 
second day of observation, hence for all of treatment 
samples were significantly reduced start from the first 
day. Figure 2 showed that TPC, TF and TR had a 
negative trend, it was caused by natural degenerative of 
TPC during storage, and for TF and TR value would be 
decreased along with tea cream percentage increase. 
3.1.2 Caffeine, total catechin content, gallated 
catechin and ungallated catechin 
Figure 3 showed that CF, TCC, GaC and uGaC 
determination were conducted due to see the effect of 
these compounds with TC formation. How many 
deflection among control with the treated samples. 
Figure 3 showed that the analysis in all chemical 
component were classified into initial day, day 1, 2, 3, 
9 and 21. The graph was expressed by relative value, 
the value in initial day was showed as 1. Statistical 
analysis was used to classify the difference among days 
and treatment. Significance of the variability in the 
responses was determined, for each of the selected 
effects, using univariate and Duncan test for the 
advance analysis. 
 
 
0,00
0,50
1,00
1,50
2,00
2,50
3,00
0 1 2 3 5 7 9 1 2 1 5 1 8 2 1
d a y s
A
0,00
2,00
4,00
6,00
8,00
10,00
0 1 2 3 5 7 9 1 2 1 5 1 8 2 1
D A Y S
B
-0,50
0,00
0,50
1,00
1,50
2,00
2,50
3,00
0 1 2 3 5 7 9 1 2 1 5 1 8 2 1
DAY S
C
B	
I	 II	 III	 IV	
20mm	
	THE	5TH	AASIC	2017	
432	
 
Figure 3. Chemical parameter changes during storage time: (A) CF, (B) TCC, (C) GaC and (D) UGaC; (●) control, (■) 2,000RPM, (▲) 4,000RPM, (x) 
5,000RPM and (o) 6,000RPM. 
Table 1. Caffeine, total catechin content, gallated catechin and ungallated catechin content during storage 
Parameter Level 
Days 
0 1 2 3 9 21 
CF (g/100ml) 
Control 21.14±0.1Ba 20.86±2.0Ba 19.0±0.4Bb 18.92±0.7Bb 17.04±0.6Ac 16.07±1.1Ac 
2k 24.42 ±1.0Aa 21.41±0.5Ab 20.89±0.1Ab 19.05±0.1Bb 17.64±0.1Ac 17.37±1.1Ac 
4k 23.42 ±1.0Aa 21.21±0.1Ab 19.89±0.2Ab 19.02±0.0Bb 17.30±0.1Ac 17.22±1.1Ac 
5k 22.54 ±1.0Aa 20.63±0.2Bb 19.92±0.2Ab 18.47±0.2Bb 16.98±0.2Ac 16.10±1.2Ac 
6k 21.74±0.5Ba 21.46 ±1.1Ba 19.60±1.5Bb 19.52±0.6Ab 17.51±0.3Ac 17.42±1.1Ac 
TCC  (g/100ml) 
Control 23.52±2.3Bb 18.44±2.5Bb 12.69±2.5Bc 11.85±1.3Bc 10.82±2.8Bc 10.33±1.8Bc 
2k 25.59±2.5Aa 21.78±1.9Ab 15.99±1.8Ac 15.95±3.2Ac 14.87±1.4Bc 14.27±2.8Ac 
4k 25.14±0.9Aa 21.52±2.3Ab 15.81±4.1Ac 15.48±2.5Ac 14.81±1.2Bc 13.58±1.9Ac 
5k 27.07±1.8Aa 22.60±0.9Ab 16.41±1.4Ac 15.44±2.5Ac 15.19±3.2Ac 14.97±3.2Ac 
6k 27.36±2.8Aa 22.29±2.8Ab 15.78±2.3Ac 15.70±1.2Bc 15.56±1.9Ac 14.18±2.5Ac 
GaC (g/100ml) 
Control 8.52±0.4Ba 6.63±0.3Ba 2.76±0.8Bb 2.71±0.3Bb 1.52±0.7Bb 1.29±0.5Bb 
2k 9.49±0.4Aa 7.69±0.4Aa 3.81±0.4Ab 3.66±0.3Ab 2.49±0.9Ab 2.42±0.4Ab 
4k 9.47±0.3Aa 7.64±0.7Aa 3.79±0.5Ab 3.67±0.7Ab 2.65±0.9Ab 2.48±0.3Ab 
5k 9.53±0.5Aa 7.56±0.8Aa 3.58±0.9Ab 3.57±0.2Ab 2.87±0.4Ab 2.68±0.9Ab 
6k 10.02±0.7Aa 8.13±0.3Aa 4.26±0.3Ab 4.20±0.3Ab 2.73±0.9Ab 2.54±0.9Ab 
uGaC (g/100ml) 
Control 10.37±1.2Ba 8.88±0.5Ba 6.90±0.3Bb 5.99±0.3Bb 5.74±0.2Bb 5.04±0.7Bb 
2k 11.96±0.5Aa 10.36±1.2Aa 8.42±0.7Aab 7.89±1.1Ab 7.79±0.5Ab 7.71±0.5Ab 
4k 11.94±0.3Aa 10.35±1.2Aa 8.37±0.4Aab 7.61±1.1Ab 7.52±0.3Ab 7.39±0.9Ab 
5k 12.95±0.3Aa 11.16±0.3Aa 9.49±0.8Aab 8.35±1.1Ab 7.25±0.4Ab 7.13±0.3Ab 
6k 12.17±0.4Aa 10.68±1.1Aa 8.70±0.7Aab 7.54±1.2Ab 7.54±0.7Ab 7.42±1.1Ab 
Each value is the mean of two independent measurements. 
Values in the same column with the different superscript lowercase letters are statistically different (p < 0.05). 
Values in the same row with the different superscript uppercase letters are statistically different (p < 0.05). 
Control means untreated sample; 2k means speed of centrifugation is 2,000RPM; 4k means speed of centrifugation is 4,000RPM; 5k means speed of centrifugation 
is 5,000RPM; and 6k means speed of centrifugation is 6,000RPM. 
0,00
0,20
0,40
0,60
0,80
1,00
0 1 2 3 9 2 1
D A Y S
A
0,00
0,20
0,40
0,60
0,80
1,00
0 1 2 3 9 2 1
D A Y S
B
0,00
0,20
0,40
0,60
0,80
1,00
0 1 2 3 9 2 1
DAY S
C
0,00
0,20
0,40
0,60
0,80
1,00
0 1 2 3 9 2 1
D A Y S
D
	THE	5TH	AASIC	2017	
433	
Figure 3A showed that CF content in control and 
6,000 RPM at initial day until second day was 
significant different with treated sample 2,000; 4,000 
and 5,000 RPM (p<0.05). The value in control and 
6,000 RPM treatment was lower than other treated 
sample, that mean centrifugation could reduce CF loss 
in CBT, but if the speed of centrifugation reached 
6,000 RPM the content loss will be same with control.  
It was due to the CF compound inside was separated 
during centrifugation, although the value of TC was 
lower than control but the content inside was already 
separated from the beginning. CF content in control 
response and 6,000 RPM treatment is decreased 
significantly start from the second day, compared with 
the other treated sample it was started from the first day 
(p<0.05). In day 9 and 21 of observation the value of 
CF content was not different among control and all 
treated samples. It showed that the CF content will be 
decreased steadily and reached the equilibrium state 
along with TC formation. 
Figure 3B, 3C and 3D showed TCC, GaC, uGaC 
results were separated. It was due to classified the 
group of C which had effect to TC formation. that 
another compound like TCC content in control is 
significant different with treated sample (p<0.05). 
Figure 3B showed that the value of TCC in the control 
sample at all days of observation was lower than the 
treated samples. The result proved that centrifugation 
could reduce TCC loss in CBT during observation. 
TCC in control and treated samples were decrease 
significantly start from initial day until second day, 
after that the slope of graph was reduced until steady. 
That showed that TCC would decreased significantly 
until equilibrium state reached. TCC in control 
response was decreased significantly, starting from the 
second day to 14 days, compared with the treated 
sample starting from the first day to 14 days (p<0.05).  
C group was divided into GaC and uGaC based on 
chemical structures. It has been reported that GaC 
played an important role in the TC formation [13]. 
Figure 3C showed that, GaC had similar result with 
TCC [5], the content in control at initial day until the 
last day of observation was significant different with 
treated sample (p<0.05). The value was lower than 
treated sample, it means GaC might participate in the 
TC formation, resulting lower content in the clear 
fraction. The value of untreated CBT was lower than 
treated sample, it means centrifugation also can reduce 
GaC participating in TC which cause the loss in CBT. 
Value of GaC in control and untreated was decreased 
significantly until the second day, after that decreased 
steadily as found in TCC. It showeed that GaC was a 
component involving in TC based on the similarity as 
found for CF and TCC. However, GaC could be the 
important compound due to the trend of reduction was 
higher and sharper than CF and TCC. 
 To prove the statement mentioned above, uGaC the 
last C group was determined. Figure 3D showed that 
the uGaC decreased during storage. this result was 
similar to the results of CF, TCC and GaC. Value of 
uGaC in control was significant difference when 
compared to treated sample (p<0.05). The content of 
uGaC in the untreated samples was lower than treated 
samples. It indicated that centrifugation also can reduce 
uGaC participating in TC which cause the loss in CBT.  
Table 1 showed that the reduction value of GaC was 
higher than uGaC. It showed that GaC might be the 
important component to participating in TC during 
storage. 
3.2 Physical 
3.2.1 Turbidity 
Physical parameter in this research was turbidity, 
turbidity was one of main quality parameter of CBT or 
RTD tea. The value of turbidity naturally increased 
naturally during storage time, especially if stored in 
cold environment.  
 
Figure 4. Turbidity values changes during storage time: (●) control, (■) 
2,000RPM, (▲) 4,000RPM, (x) 5,000RPM and (o) 6,000RPM. 
Figure 4 showed that the control value of turbidity 
at all days of observation was lower compared than 
other treated samples. Based on statistical analysis the 
results from control response was significant different 
with all treatment samples (p<0.05). In the last day of 
observation (day 21), the value of turbidity in treated 
samples was not significant different with control. 
Trend of turbidity values in this research was decrease 
steadily, it had opposite effect with normal black tea. 
Because during storage time, TC was formed. TC 
would attracted many components inside and 
precipitation will be occurred, the result was turbidity 
will decreased along observation days (Figure 4). 
3.2.2 Tea cream 
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TC was the main component which being main 
factor of this research. Value of TC was affected by 
CF, TPC, TCC, GaC, uGaC, TF and TR [12]. From 
previous figure and table, it was already explained for 
the correlation among component along with the 
response and control. TC formation would trigger the 
characteristic changed like turbidity of CBT would be 
altered.  
Table 2 showed the value of control at initial day 
until 18 days was significant different (p<0.05) with 
other treatment. At the last day of observation the value 
of TC for all treated sample was not significant 
different with control, it means the TC will increased 
during storage time and reach the same value with 
control at 21 days. Control at initial day and first day 
had around 22 percent TC, for treated sample the value 
only around 3 percent TC. Treated sample need 21 
days of storage time to reached the same value with 
control. It showed that centrifugation can be used 
effectively to reduce TC formation occurred. TC 
content at centrifugation speed 2,000 RPM increased 
faster than other treated sample. Started from second 
days, for 2,000 RPM treated sample, the TC percentage 
higher than other treated sample. From graph the trend 
of percentage of TC for all treated response was 
increased, compared with control which stabile in high 
value. 
 
Table 2. Tea cream percentage changes during storage time 
Parameter Level 
Days 
0 1 2 3 5 7 9 12 15 18 21 
% Tea cream 
Control 21.5±4Aa 22.0±4Aa 21.5±4Aa 22.0±5Aa 22.5±4Aa 22.5±4Aa 22.5±4Aa 22.5±5Aa 22.5±5Aa 23.0±4Aa 23.0±4Aa 
2k 3.0±0Bf 6.6±0Be 7.1±2Be 9.2±1Bd 9.3±1Bd 11.1±1Bc 12.1±2Bc 14.1±1Bc 16.6±2Bb 20.2±1Bb 23.1±1Aa 
4k 3.0±0Bf 6.6±1Be 6.1±1Be 8.2±2Bd 8.3±2Bd 10.1±1Bc 12.1±2Bc 14.1±1Bc 16.6±2Bb 19.2±1Bb 22.1±1Aa 
5k 3.0±0Bf 6.6±2Be 6.1±1Be 8.2±1Bd 8.3±1Bd 10.1±2Bc 12.1±2Bc 14.1±1Bc 16.6±2Bb 19.2±1Bb 22.1±1Aa 
6k 3.0±1Bf 5.6±1Be 5.1±2Be 7.2±1Bd 8.3±1Bd 10.1±2Bc  11.1±2Bc 14.1±1Bc 16.6±1Bb 19.2±1Bb 21.1±1Aa 
Each value is the mean of two independent measurements. 
Values in the same column with the different superscript lowercase letters are statistically different (p < 0.05). 
Values in the same row with the different superscript uppercase letters are statistically different (p < 0.05). 
Control means untreated sample; 2k means speed of centrifugation is 2,000RPM; 4k means speed of centrifugation is 4,000RPM; 5k means speed of centrifugation 
is 5,000RPM; and 6k means speed of centrifugation is 6,000RPM. 
 
IV. CONCLUSIONS 
This research indicates that centrifugation can be 
effectively applied to reduce the tea cream formation in 
concentrated black tea. The effective centrifuge speed 
was at least 4,000 RPM for 20 minutes. This treatment 
provides the stable concentrated black tea as long as 21 
days of storage at room temperature (250C). During 
storage CF, TPC, TCC, GaC, uGaC, TF, TR and 
turbidity decrease. This treatment can be applied to 
CBT manufacturer in order to solve the tea cream 
problem before distribution to RTD industry, providing 
the reduction of economic loss due to TC. 
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